WO 2009/029487 PCT/US2008/673882

SELF-LIMITING CATALYST SYSTEM WITH
CONTROLLED ALUMINUM TO SCA RATIO AND METHOD

REFERENCE TO RELATED APPLICATION

0001 This application claims the benefit of U.S. Provisional Application
No, 60/957,888, filed on August 24, 2007, which application is fully incorporated herein by
reference.

BACKGROUND

FO002] The present disclosure relates o stereoselective Ziegler-Natta catalyst
compositions and polymerization reactions utilizing the catalyst composition.

(06031 Flegler-Natia propylene polymerization catalyst compositions are known in
the art. Typically, these compositions include transition metal moieties, such as ltanum,
magnesium and halide moieties in combination with an internal electron donor (referred o as a
procatalyst); a co-catalyst, usually an organcaluminom compound; and a selectivity control agent
(8CA). Ii is further known to utilize an SCA that is a mixturs of two or more components in
order io modify catalyst sctivity and/or adjust polymer propertics. Problematic is the selection of
suitable SCA mixtures as an SCA component which is effective with respect 1o one process or
product parameter 18 ofientimes detrimental to another process or product parameter.

(60047 For example, third generation Ziegler-Natta catalysts fypically contain a
benzoate as an internal donor and uss a benzoic acid ester (such as ethyl p-sthoxybenzoate) as an
SCA component. This provides a self-extinguishing property to the catalyst. Benzoic acid

sters, however, impart an undesirable odor 1o the formed polymer, This odor is detrirnental as &
iimits the use of the formed polymer, In addition, the catalyst activity and stereoselectivity for
third generation Zicgler-Natta catalysts is low, Furthermore, when benzoic acid-based SCAS are
used with fourth generation catalysis that conisin a phthalate as internal donor, fhe
stereoselectivity of the polymer generated is too low for practical applications.

10005] it would be desirable to develop a Ziegler-Natta catalyst composition with
improved catalyst activity and improved productivity without sacrificing operability.  Also
desired is a catalyst compesition that does not convey undesirable properties upon the resclant

polymer,



SUMMARY

FOG06] The present disclosure is divected to a catalyst composition with high catalyst
activity that is seif-extinguishing. The present catalyst composition pfoduces a polypropylene
homopolymer with high isotacticity, or a polymer containing propylene and one or more
additional comonomers.

[0007]  In an embodiment, a catalyst composition is provided for the polymerization
of propylene. The catalyst comaposition includes one or more Ziegler-Natta procatalysts, ong of
more cocatalysts, and e selectivity control agent (SCA). The Ziegler-Natta procatalyst contains
one or more transition metal compounds and one of more esters of arematic dicarboxylic acid
internal electron donors. The cocatalyst is one or more aluminum contalning compounds. The
SCA is 2 mixture of an activity limiting agent (ALA) such as a Cq-Cso aliphatic acid ester and a
silape composition. The catalyst composition has a molar ratio of ahuminum 1o iotal SCA from
0.5:1 to 4:1. In an embodiment, the molar ratio of alumimm to total 8CA is from Ll to 3l or
2.5:1.

[0007a] In an aspect, there is provided a catalyst coﬁnposition comprising:
one or more Ziegler—N&tta procatalyst compositions comprising one or more transition metal
compounds and one or more esteré of aromatic dicarboxylic acid internal electron donors;
one or more aluminum contamning cocatalysts; and
a selectivity control agent (SCA) comprising a mixture of i) an activity limiting agent (ALA)of
isopropyl myristate, and (ii} a silane composition of a first alkoxysilane, and a second
alkoxysilane, wherein the molar ratio between the first alkoxysilane to the second alkoxysilane is

from 9:1 to 1:9, and a molar ratio of aluminum to total SCA from 0.5:1 to 4:1.

[O00&] | In an embodiment, The catalyst composition has & molar ratio of aluminum ©
otal SCA from 0.5:1 10 5001 when the ALA is a (poly)alkylene glycol) ester of Cy-Cyg aliphatic
acid. The molar ratio of aluminum to total SCA can be from 0.75:1 to 30:1 or 111 10 2001, The
catalyst composition is self~extinguishing.

(U009] In an embodiment, the polymer formed from the catalyst composition does not
have an odor. Suitable compositions for use in the SCA that yield an odor-free polymer mclude
(o aliphatic acid esters, Cyg-Cag aliphatic acid esters, Cp-Cye aliphatic alkyl esters of Ce-Cao
aliphatic acids, (poly)alkylene glycel) mono- or di-esters of Ce-Uso aliphatic acids, and

polyether compounds that contains 2 or more ether linkages.



[O0010]  In an embodiment, the Cp-Coyq aliphatic ester mdy be isopropyl myristate, di-n-
butyl sebacate, z {poly){alkylene glycol) mono- or di-myristate, and combinations thereof. Ina
further  embodiment, the silane composition s dicvclopentyldimethoxysilane,
methylcyclohexyldimethoxvsilane, or n-propyltrimethoxysilane.

{00011]  In an embodiment, the silane composition is a mixture of one or more
alkoxysilanes.  The silane composition may be a blend of dimethyldimethoxysilane with
dicyclopentyldimethoxysilane, methyleyelohexyldimethoxysilane, and/or fi=

propyitrimethoxysilane. In another embodiment, the silane composition may be a blend of
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dicvclopentyldimethoxysilane  with methyleyelohexyldisthoxysilane, n-propyliriethoxysilane,
teframethoxysilane, tetraethoxysilane, di-n-butyldimethexysilane, and/or
ditsobutvldiethoxysilane,

[00012]  In an embodiment, the SCA inchudes 60-97 mole percent of the Ci-Cyp
aliphatic ester and 3-40 mole percent silane composition. In addition, the molar ratic of
aluminum {0 alkyl ester of Ce- Csp aliphatic acid may be from 5.3 to 0.5:1. The molar ratio of
aluminum fo silane composition may be from 120:1 to 1.25:1.

I00013]  In an embodiment, the catalyst composition contains isopropyl myristate and
dicvclopentyldimethoxysilane. In a further smbodiment, the catalyst composition contging di-n-
butyl sehacate and dicyclopentyidimethoxysilane,

[00014]  The presemt disclosure also provides another catalyst composition.  The
catalyst composition may be used for the polymerization of propylene and includes one or more
Ziegler-Natta procatalyst compositions containing one or more transition metal compounds and
one or more esiers of aromatic dicarboxylic acid internal electron domors.  One or more
slumimun containing cocatalysts and a selectivity control agent (SCA) are present in the catalyst
composition. The SCA is a mixture of a non-ester composition and a silane composition.  The
molar ratio of aluminum to total 8CA is from 0.5:1 to 4:1,

[00015]  The non-ester composition may be a polyether compound which inchude
dialkcyl diether compound, For example, the non-cster composition may be 2,2-diisobutyl-1,3-
dimethoxvpropane or poly(atkene glveel) material.

[00016]  In an embodiment, the SCA may also include an activity limiting agent.

60017} The present disclosure provides another catalyst composition. The catalyst
composition may be used for the polymerization of propylene and includes one or more Ziegler-
Natia procatalyst compositions, The Ziegler-Natta procatalyst composition contains one or more
transition metal compounds and one or more esters of aromatic dicarboxylic acid internal
electron donors, One or more ahuminum containing cocatalysts and a selectivity control agent
(SCA) are included in the catalvst composition. The SCA includes a alkoxysilane composition
that is a first alkoxystlane and a second alkoxyvsilane and an ALA.

[00018] In an embodiment, the first alkoxysitane is dimethyldimethoxysilane,

diisopropyldimethoxysilane, dicyclopentyidimethoxysilane, or
bis{perhydroisequinolino)dimethoxysilane. The second alkoxysilane i5

methyioyclohexvidimethoxysilane, tetracthoxysilane, and/or nepropyltriethoxysilane, . Any one
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or more first alkoxysilanes may be mixed with any one or more second alkoxysilanes to form the
SCA.

[60019] T an embodiment, the first alkoxysilane is dimethyldimethoxysilane. The
second alkoxysilane compound is dicyclopentyvidimethoxysilane,
methyleyelohexyldimethoxysilane, and/or n-propyltrimethoxysilane.

00020}  In an embodiment, the SCA includes an activity limiting agent. The molar
ratic of ahuminum to total SCA is from 0.5:1 to 4:1.

(G00211  The present discloswe provides a polymerizaion process. The
polymerization process includes introducing propylene and a catalyst composition o a
polvmgrization reactor. The catalyst composition is composed of & Ziegler-Natta procatalyst
composition, which comtains an aromatic dicarboxylic acid sster internal eleciron donor, an
aluminum containing cocatalyst, and a selectivity control agent (SCA). The 8CA is a mixture of
an activity lmiting agent (ALA) and a silane composition. The process further inchudes
rmaintaining an aluminum to total SCA ratio from 6.5:1 o 411

(00022] In an embodiment, the ALA iz an allkyl ester of Cy-Cyo aliphatic acid, a
diether, or polv{alkene glyeol) ester of Ce-Cao aliphatic acld the aluminum to total SCA ratio is
{1.5:1 to 5&:1.

000231 In an embodiment, the polymerization process includes introducing into the
reactor an SCA that is a mixture of aCy-Cye aliphatic acid ester and a silane composition,

1600241 In an embodiment, the polymerization process includes introducing into the
reacior an SCA that is a mixture of a non-gster composition and a silanc composition.

(000251 In an embodiment, the polymerization process includes introducing into the
reactor an SCA that is a mixture of a first alkoxysilane, a second aikoxysilane, and an activity
limiting agent.

000267 In an embodiment, the polymerization process includes maintaining an
aluminum to fitanium ratio of about 4311, The process may eniail extinguishing, with the
catalyst composition, the polymerization process when the polymerization reactor has s
temperature greater than 1007C,

(000271 In an embodiment, the propylens containing polymer has a xylene solubles
content from about 0.5% 1o about 6.0% by weight.

F00028]  The present discloswre provides another polymerization process. In an

embodiment, the polymerization process includes reacting s gas comprising propylene and a
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catalyst composition in a polymenization reactor. The catalyst composition is composed of a
Fiegler-Natta procatalyst composition, an internal electron donor, an aluminum containing
cocatalyst, and a sslectivity control agent {SCA). The 8CA is a mixture of an activity limiting
agent and an alkoxysilane composition and may be any of the 8CAs described herein. The
process further includes forming a fluldized bed of polymer particles. The fluidized bed has a
bulk density. The method includes reducing a partial pressure of the propylene to increase the
bulk density of the fluidized bed without reactor fouling, In an embodiment, the process
includes mainiaining, adjusting, or otherwise controlling the aluminum to total SCA ratio from
0.5:1 1o 4:1. The catalyst composition extingnishes the polymerization process when the
fluidized bed temperature is greater than sbout 100°C,

(000291 In an embodiment, the process includes increasing a bulk density of the
fluidized bed, An inerease in the fluidized bulk density increases the residence time of the
catalyst composition in the reactor, This also resulis in a reduction in the amount of propylens
used as a starting material.  In other words, less propylene is required t© maimtain the same
production rate.

[60030]  In an embodiment, the process includes introducing the gas into the reactor
with 2 dew point temperature from 1°C to 10°C less than the fluidized bed temperature and
reducing an amount of Hauid propylene present in the reactor,

(000311 In an embodiment, the propylene containing polymer has a xylene solubles
content of less than about 6% by welght or from 0.5% to 6% by weight.  The propylene
containing polymer may also contain less than 3ppm, or less than | ppm, residual titardum,

{000321  The present disclosure provides another polymerization process.  The
polymerization process includes introducing a propylene gas, an ethylene gas, and a cafalyst
composition in a polymerization reactor. The catalyst composition is composed of a Ziegler-
Natta procatalyst composition, an aromatic dicarboxylic acid ester internal eleciron donor, an
aluminum containing cocatalyst, and a selectivity control agent (SCA). The SCA is a mixture of
an activity limiting agent and a silane composition. The process includes maintaining an
aluminum 10 total S8CA ratio from 0.5:1 to 4:1and forming a propyiene and ethylene copolymer.
The propylene and ethylene random copolymer muay have an sthylene content greater than about

% by weight.
[00033]  In an embodiment, the activily limiling agent is an alkyl ester of Ce-Uyg

aliphatic acid, a diether, a polv{alkene glyeol} ester of Cp-Cyg aliphatic acid, and the process

mn
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inchides maintaining the aluminum to wial 83CA ratio from (.3:1 10 5021

{33034]  In an cmbodiment, the process includes forming spherical particles of the
propylene and ethiylene copolymer. The process may further include eliminating or avoiding the
formation of propylene-ethylene random copolymer particles with a “popeorn”™ or irregular
morphology.

[00U38]  An advantage of the present disclosure is the provision of an improved
catalyst composition,

(000361 An advantage of the present disclosure is the provision of a self-extinguishing
catalyst composition,

[GOO37T An advantage of the present disclosure is the provision of a polymertzation
process with reduced reactor fouling and reduced polymer agglomeration.

[60038]  An advantage of the present disclosure is the production of an odor-free
propylene containing polymer.

(000397  An advantage of the present disclosure i the provision of a catalyst
composition that permits an increase in the bulk density of the fluidized bed without risk of
reactor fouling.

[00040]  An advantage of the present disclosure is a polymerization process with
improved productivity, an improved production rate, and good operability through the contiod of

the aluminum to total SCA ratio of the catalyst composition.

BRIEF DESCRIPTION OF THE DRAWINGS

{00041 Figure 1 is a relative activity v. temperature graph for a catalyst composition
of the present disclosure.

[006G421  Figure 2 is a relative activity v, femperature graph for a catalyst composition
of the present disclosure.

100043]  Figure 3 is a relative activity v. temperature graph for a catalyst composition
of the present disclosure.

[00044]  Figure 4 is a relative activity v, femperature graph for a catalyst composition
of the presemnt disclosure.

{60045]  Figure 5 is a relative activity v. temperature graph for a catalyst composition
of the present disclosure.

00046]  Figure 6 is a relative activity v, temperature graph for a catalyst composition
g 3 p grap ¥ P
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of the present disclosure,

000477 Figure 7 is a relative activity v, temperature graph for a catalyst composition
of the present disclosurs.

[00048]  Figure 8 is a relative activity v, temperatore graph for a catalyst composition
of the present disclosure.

[GO049]  Figure 9 i a relative activity v. temperature graph for g catalyst composition
of the present disclosure.

1000501 Figure 10 is a relative activity v, temperature graph for 2 catalyst composition

of the present disclosure.

DETAILED DESCRIPTION

[000511  Any numerical range recited herein, includes all values from the lower value
and the upper value, in increments of one unit, provided that there is 5 sepavation of at least two
units between any lower value and any higher value. As an example, if it is stated that 2
compositional, phivsical or other property, such as, for example, molecular weight, mell index,
ete., is from 100 to 1,000, it is intended that all individual values, such as 106, 161, 102, ete., and
sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly enumersted in this
specification.  For rasges containing values which are less than one, or containing fractional
numbers greater than one {e.g., 1.1, 1.5, ete.}, one unit is considered to be 0.0001, 0.001, G.01 or
0.1, as appropriate.  For ranges containing single diglt numbers less than ten (e.g, 1 to 5}, cne
unit is typically considered to be 0.1, These are only examples of what is specificaliy intended,
and ali possible combinations of numerical values between the lowest value and the highest
value enumerated, are to be considered to be expressly stated in this application. Nurmerical
ranges have been recited, as discussed herein, in reference to density, weight percent of
componertt, tan delta, molecular weights and otber properties.

000527 The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed from
the materials of the composition,

[00053]  The term "polymer," as used herein, refers to g polymeric compound prepared
by polvmerizing monomers, whether of the same or a different type. The generic term polymer
thus embraces the term homopolymer, usually emploved to refer to polymers prepared from only

one type of monomer, and the term interpolyvmer as defined hereinafter,
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1000541 As discussed above, the term interpolymer,” as used herein, refers to
polvimers prepared by the polymerization of at least two different types of monomers. The
generic term inferpolymer thus inclodes copolymers, usually employed to refer to polymers
prepared from two different types of menomers, and polymers preparsd from more than two
different types of monomers,

10003537 The terms “blend” or “polymer blend,” as used herein, mean a composition of
two or more polymers. Such a blend may or may not be miscible. Such a blend may or may nol
be phase separated. Such a blend may or may not contain one or more domain gonfigurations, as
determined from transmission eleciron spectroscopy.

[00056] The present catalyst composition contains a Ziegler-Natia procatalyst
composition, a cocatalyst, and a selectivity control agent (SCAJ}, ecach of which shall be
discussed in detail below. Any conventional Fiegler-Natta procatalyst may be wused in the
present catalyst composition as is commonly known in the art. Tn an embodiment, the Ziegler-
Natta procatalvst composition contains g transition metal compound and a Group 2 metal
compound. The transition metal compound may be a solid complex derived from a transition
metal  compound, for  example, titanium-, wirconiwm-, chromium- or  vanadium-
hydrocarbyloxides, hydrocarbyls, halides, or mixtures thereof.

[00057]  The transition metal compound has the general formula TrX, where Tr is the
transition metal, X is a halogen or a Cr.p hydrocarboxyl or hydrocarbyl group, and x is the
number of such X groups in the compound in combination with & Group 2 metal compound. Tr
may be a Group 4, 5 or 6 meial. In an embodiment, Tr is & Group 4 metal, such g5 fitanium, X
may be chicride, bromide, Cy.4 alkoxide or phenoxide, or a wixture thereof. In an embodiment,
X is chioride.

[G0058] Nonlimiting examples of suitable transition metal compounds that may be
used to form the Ziegler-Natta procatalyst composition are TiCly, ZrCly, TiBr, TiClk,
TIHOCH ROl Zo(0CH:RCL THOCH B, THOCH R CLH,THOCH RO, {00 HpC,
and THOCHACH, Mixtwres of such fransition metal compounds may be used gs well. No
resiriction on the number of transition metal compounds is made as long as at least one transition
metal compound is present. In an embodiment, the transition metal compound is a tilanium
compound.

[00059]  Nonlimiting examples of suitable Group 2 metal compounds include

v

magnesium halides, dialkoxymagnesinms, alkoxymagnesium halides, magnesium oxyhalides,
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dialkvlmagnesiums, magnesiom oxide, magnesium hydroxide, and carboxylates of magnesium.
in an embodiment, the Group 2 metal compound is magnestum dichioride,

[000607 In a further embodiment, the Ziegler-Natta procatalyst composition is a
mixture of tianium moleties supported on or otherwise derived from magnesium compounds.
Suitable magnesium compounds inclode anhydrous magnesium chloride, magnesium chioride
adducts, magnesium dialkoxides or arylexides, or carboxyviated magnesiom diatkoxides or
arvloxides. In an embodiment, the magnesium compound s a magnesium & Cy qjalkoxide, such
as diethoxvmagnesinm,

[000617 Nonlimiting examples of suifable ftanium moisties include titanium
allcoxides, titaniwm aryloxides, and/or titanium halides. Compounds nsed 1o prepare the Ziegler-
Natta procatalysi composition include one or more magnesium-di{Ci.qjalkoxides, magnesium
dihalides, magnesium atkoxyhalides, or mixtures thereof and one or more titanium tera(Ciy)
alkoxides, titanium tetrahalides, titanium(C.4)alkoxyhalides, or mixtures thereof.

FO0062] A precursor composition may be used to prepare the Ziegler-Natta procatalyst
compposition as is commonly known in art. The precursor composition may be prepared by the
chlorination of the foregoing mixed magnesium compounds, fitanium compounds, or mixtures
thereof, and may involve the use of one or more compounds, referred to as "clipping agents”, that
aid in forming or sclubilizing specific compositions via a solid/solid metathesis. Monlimiting
examples of suitable clipping agents include iralkylborates, especially triethyiborate, phenolic
compounds, especially cresol, and silancs.

f00063]  In an embodiment, the precursor composition is a mixed magnesium/ttaniom
compound of the formula Mg, TH{OR )X, wherein Re is an aliphatic or aromatic hydrocarbon
radical having 1 to 14 carbon atoms or COR' wherein R s an aliphatic or aromatic hydrocarbon
radical having 1 1o 14 carbon atoms; each OR, group is the same or different; X is independently
chiorine, bromine or iodine: dis 0.5 10 56, or 2-4; or 3; £is 2-116, or 5-15; and g is 0.5-116, 01 1~
3, or 2. The precursor may be prepared by controlled precipitation through removal of an
alcchol from the resction mixture used in Hs preparation. In an embodiment, the reaction
medium comprises a mixture of an aromatic liquid, especially a chiorinated aromatic compound,
such a5 chiorobenzene, with an alkanol, especially cthancl, and an inorganic chlorimaling agent.
Suitable inorganic chicrinating agents include chiorine derivatives of silicon, aluminum and
titaniom, such as fitsnium tetrachioride or titanium trickioride, and titanium tetrachloride in

particular, The chlorinating agents lead to partial chloringtion which results in a precursor
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containing relatively high fevel of alkexy component(s). Removal of the slkanol from the
solution used in the chlorination, results in precipitation of the solid precursor, having a desirable
morphology and surface arca. The precursor was separated from the reaction media, Moreover,
the resulting precursor is particularly uniform particle sized and resistant to particle crumbling as
well as degradation of the resuliing procatalyst. In an embodiment, the precursor composition is
Mps THOEDCly,

[60064]  The precurser is next converted to a solid procatalyst by further reaction
(halogenation} with an inorganic halide compound, preferably & titanjum halide conspound, and
incorporation of an internal electron donor. If not already incorporated into the precursor in
sufficient guantity, the electron donor may be added separately before, during or after
halogenation, This procedure may be repeated one or more times, optionally in the presence of
additional additives or adjuvants, and the final solid product washed with an aliphatic solvent.
Any method of making, recovering and storing the solid procatalyst is suitable for use in the
present disclosure.

(00063]  One suftable method for halogenation of the precursor is by reacting the
precursor al an elevated temperature with a tetravalent titanium halide, optionally in the presence
of a hydrocarbon or halohydrocarbon diluent. The preferred tetravalent ttaniurs halide is
titanium tetrachioride. The optional hvdrocarbon or halohydrocarbon solvent employed in the
production of olefin polymerization procatalyst preferably coniains up to 12 carbon atoms
inclusive, or up to 9 carbon atoms inclusive. Exemplary hydrocarbons include pentane, octane,
benzens, toluene, xyiene, alkyibenzencs, and decahydronaphthalene. Exemplary aliphatic
halohydrocarbons  include methvlene chloride, methylene bromide, chloroform, carbon
tefrachloride, 1. 2-dibromosthans, 1,1, 2-trichlorosthans, trichlorocyclohexane,
dichlorofluoromethane and fetrachlorcoctane. Exemplary aromatic halchydrocarbons include
hlorobenzene, bromobenzene, dichlorobenzenes and  chloretoluenes, The aliphatic
halohydrocarbon may be a compound containing at least two chloride substituents such as
carbon tetrachloride or 1,1, 2-trichlorosthane.  The aromatic halohydrocarbon may be
chiorobenzene or o-chlorotoluene.

[00066]  The halogenation may be repeated one or more times, optionally accompanied
by washing with an inert Hauid such as an sliphatic or aromatic hydrocarbon or halehydrocarbon
between halogenations and following halogenation, Further optionally one or more extractions

invelving contacting with an inert Higuid diluent, cspecially an aliphatic or aromatic hydrocarbon,

i0
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or aliphatic or aromatic halohydrocarbon, especially at an elevated temperature greater than
106°C, or greater than 110°C, may be employed to remove labile species, espeetally TiCk.

I000677  In an embodiment, the Ziegler-Natta procatalyst composition inclades a solid
catalyst component obtained by (i) suspending a dialkoxy magnesium in an aromalic
hydrocarbon or halchydrocarbon that is liguid st normal temperatures, (it} contacting the
dialkoxy magnesium with a titanivm halide and further {1il) contacting the resuliing composition
a second time with the titanium halide, and contacting the dialkoxy magnesiam with a diester of
an aromatic dicarboxylic acid at some point during the treatment with the titanium halide in ().

1000681 In an embodiment, the Ziegler-Natta procatalyst composition includes a solid
catalyst component obtained by (i) suspending & precursor material of the formula
Mg THOR X, (a8 described previously) in an aromatic hydrocarbon or halohydrocarbon that is
liguid at normal femperatures, (if) contacting the precursor with a titanium halide and further (11}
contaciing the resulting composition a second time with the fitanium halide, and contacting the
precursor with a diester of an aromatic dicarboxylic scid at some potnt during the treatment with
the titaniom halide in (1),

[0006%]  The Ziegler-Natta procatalyst composition includes an internal electron donor.
The internal eleciron doner provides tacticity control and catalyst crystallite sizing, Nonlimiting
examples of suitable internal electron donors include sromatic dicarboxylic acid esters, halides
or anhydrides or (polv)alky] ether derivaiives thereof, especially C; 4 dialkey! esters of phihalic or
terephthalic acid, phthaloy! dichloride, phihalic anhydride, and Cy.s (poly)alky} ether derivatives
thereof. In an embodiment, the internal electron dopor is diisobutyl phthalate or di-n-butyl
phthalate,

(00070} The Ziegler-Natta procatalyst composition may also include an inerl support
materizl. The support may be an inert solid which does not advessely alter the catalytic
performance of the transition metal compound. Examples include metal oxides, such as alumina,
and metalloid oxides, such ag silica.

(000717  The cocatalyst for use with the foregoing Ziegler-Natta procatalyst
composition is an aluminom contzining composition,  Nouolimiting examples of suitable
aluminum  confaining  compositions  include organceluminum  compounds, such  as
iriatkvialuminum-, dalkyvialumimom  hydride-, alkylaluminum  dibydride-, dialkylaluminum
halide-, alkyiaiuminumdibalide-, dialkylaluminum alkoxide-, and alkylalominom dialkoxide-

compounds containing from 1-10, or 1-6 carbon atoms in each alkyl- or alkoxide- group, In an

i1
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embodiment, the cocatalyst is a Cy frialkylalumipum compound, such as triethylaluminum
{TEA). The molar ratic of aluminum o tifanium of from 35:1 to 3G:1, In an embodiment, the
molar ratio of sluminum to titanium {0 45:1,

(000721 The catalyst composition includes a selectivity control agent {(SCA). The
SCA is a mixture of (i) one or more activity limiting agents {ALA) and/or (i) one or more silane
compositions, In an embodiment, the ALA is an aliphatic ester. The aliphatic ester may be a Cy-
Csp aliphatic acid ester, may be a8 monoe- or a poly- {two or more) ester, may be straight chain or
branched, may be satwrated or unsaturated, and any combination thereof. The Cy-Cyp aliphatic
acid ester may also be substituted with one or more Group 14, 15 or 16 hetercatom containing
substituents. Nonlimiting examples of suitable C-Csy aliphatic acid esters include Ciap alkyl
esters  of aliphatic Cyse monocarboxylic acids, Cipp alkyl esters of aliphatic Cea
monocarboxylic acids, Ci.4 allyl mono- and dicsters of aliphatic Cyap monocarboxylic acids and
dicarboxylic acids, Cig alkvl esters of aliphatic Cypo monocarboxylic acids and dicarboxylic
acids, and Cize alkyl mono- or polycarboxylate derivatives of Coie (polyigiveols or Coam
(poiviglveol sthers. In a further embodiment, the Co-Cip aliphatic acid ester may be isopropyi
myristate, di-n-butyl sebacate, (poly)alkviene glycol) mono~ or diacetates, {poly)y{alkylene
glveol) mono- or di-myristates, (polvi{alkviene glyeol) mono- or di-laurates, (poly)(alkylene
glycol} mono- oy di- oleates, glyeeryl tri(acetate), glyeeryl tricester of Cogp aliphatic carboxylic
acids, and mixtures thereof. In a further embodiment, the Cy-Csp aliphatic ester is isopropyl
mivristate or di-n-butyl sebacate.

(000731 In an embodiment the ALA is a nov-ester composition. As used herein, 2
“non-ester composition” is an atom, molecule, or compound that is free of an ester functional
group. In other words, the “non-ester composition” does noi contain the following functional

TYOUB.

e
- =
O

K

{00074]  In an cmbodiment, the nop-ester composition may be a dialkyl diether

compound of an amine compound. The dialkyl diether compound is represenied by the
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following formula,

R!

3
L
3
o
3
a
o
piel
e

1000751 wherein R' to B! are independently of one another an alkyl, aryl or aralkyl
group having up to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17
heteroatom, provided that R and R* may be a hydrogen atom, Nonlimiting examples of suitable
dialky!l ether compounds nclude dimethyl ether, dicthyl ether, dibutyl ether, methyl ethy] ether,
methyl butyl ether, methy! cyclohexyl ether, 2.2-dimethyl-1,3-dimethoxypropane, 2,2-diethyl-
1,3-dimethoxypropane, 2,2-di-n-butyl-1,3-dimethoxypropans, 2,2-dilsobutyl-1,3-
dimethoxypropane,  2-ethyl-Z-n-butyle1 3-dimethoxypropane,  Z-n-propyl-2-cyclopentyl-1,3-
dimethoxypropane, 2,2-dimethyi-13-diethoxypropane, I-isopropyi-2-isobutyl-1,3-
dimethoxypropane,  2,2-dicyclopentyi-1, 3-dimethoxypropane,  2-n-propyl-2-cyolohexyl-1,3-
diethoxypropane, and 9,9-bis{methoxymethyDflucrene. In a further cmbodiment, the dialkyl
ether compound is 2,2-diisobutyl-1 3-dimethoxypropane.

(000761 In an embodiment, the non-gster composition is an amine compound.
MNontimiting examples of suiiable amine compounds include 2.6-substituted piperidines such as

2,6-dimethyipiperidine and 2,2,6,6-tetramethylpiperidine and 2,5-substituted piperidines. Ina
further embodiment, the piperidine compound is 2,2,6,6-tetramethylipipendine.

000771 For ALA that containg more than one carboxylate groups, all the carboxylate
groups are considered offective components. For example, 2 sebacate molecule contains two
carboxylate functional groups is considered 1o have two effective functional molecules.

[0G078]  The SCA includes a silane composition. The silane composition may include
one or more alkoxysilanes having the general formula: SiR,{OR Y (1) where R independently
each ocourrence is hydrogen or g hydrocarbyl or an amino group optionally substituted with one
or more substituenis containing one or more Group 14, 15, 16, or 17 heleroatoms R contains up

{0 20 atoms not counting hydrogen and halogen R is a Cip0 alkyl group, andm is 0, 1, 2or 3, In

13
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an embodiment, B is Cop aryl, alkyl or aralkyl, Cspp cveloallyl, Cags branched alleyl, or Cagg

cvelic amino group, R is Coa allvl, and m is { or 2. Nonlimiting examples of suitable silane

compositions include dievclopentyldimethoxysilane, di-tert-butyldimethoxysilane,
methyleyclohexyldimethoxysilane, methyloyelohexyldiethoxysilang, di-n-butvldimethoxysilane,

ethylevelohexyldimethoxysilane, diphenyldimethoxysilane, diisopropyldimethoxysilae, di-n-

mropyidimethoxysilane, diisobutyldimethoxysilane, diisobutyldicthoxysilane, di-n-
butyidimethoxysilane, cyclopentyltrimethoxysitane, isopropylirimethoxysilane, HE

propyltrimethoxysilane, n-propyliricthoxysilane, ecthylriethoxysilane, ietramethoxysilane,
ietrasthoxysilane,  cyclopeniyipyrrolidinodimethoxysilane,  bis(pyrrolidino)dimethoxysilane,
bis{perhydroisoquinoiinedimethoxysilane, and dimethyidimethoxystlane, In an embodiment,
the silane composition may be dicyclopentvidimethoxysilane, methyleyciohexyldimethoxysilane,
or n-propyirimethoxvsilane, and any combination of thereof. In a further embodiment, the
silane composition is dicyclopentyldimethoxysilane.

[00079]  Broader molecular weight distribution (MWD} can be achieved using a blend
of 2 silanes that exhibit different melt flow rates when used alone, By incorporating an ALA into
the SCA compositions while controlling low AVSCA ratio, a catalyst composition that leads to
broad MWD while greatly reducing the tendency of reactor fouling can be obtained. Such
composition include mixtures of at least 2 atkoxysilanes wherein one of the alkoxysilane yield
polymer with a melt flow rate at least twice as high as the another polymer formed under the
game polvmerization condition and an ALA selected from a carboxylic acid estor or & non-ester
composition as described previcusly., The carboxylic acid ester ALA may be an ester of an
aromatic carboxylic acid or a derivative thereof, an aliphatic ester, or 2 non-ester composition.
MNonlimiting examples of suitable aromatic carboxylic acids include Ciyp alkyl or cycloalkyl
esters of aromatic monocarboxyiic acids. Suitable substitated derivatives thereef include
compounds substituted both on the aromatic ring(s) or the ester group with one or more
substituents containing one or more Group 14, 15 or 16 heleroatoms, cspecially oxygen.
Examples of such substituents include (poly)alkylether, cycloalkylether, arviether, aralkylether,
alkylthioether, arylthicether, dislkylamine, diarviamine, diaraliylamine, and trialkylsilane
groups. The arcmatic carboxylic acid ester may be a Cya¢ hydrocarbyl ester of benzoie acid
wherein the hydrocarbyl group is unsubstituted or substituted with one or more Group 14, 15 or
16 heteroatom containing substituents and Cyan (polyihvdrocarby! eiher derivatives thereof, or

Cra alkyl benzoates and (s ring slkylated derivatives thereof, or methy! benzeale, ethy!
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benzoate, propyl benzoate, methyl p-methoxybenzoate, methyl p-ethoxvbenzoate, ethyl p-
methoxybenzoate, and ethyl p-ethoxybenzoate.

{00080 In an cmbodiment, the aromatic monocarboxylic acid is ethyl p-
sthoxybenzoate, In an alternative embodiment, the ALA is an aliphatic ester. The aliphatic ester
may be a C4-Cyp aliphatic acid ester, may be a mono- or a poly- {two or more) ester, may be
siraight chain or branched, may be satorated or unsaturated, and any combination thereof. The
C4-Cag aliphatic acid ester may also be substituted with one or more Group 14, 15 or 18
heteroatom confaining substituents.  Nonlimiting examples of sutiable C4-Csy aliphatic acid
esters include Cyag alky! esters of aliphatic Cyan monocarboxylic acids, Ciue alkyl esters of
aliphatic Ceop monocarboxylic acids, Cye allyl mono- and diesters of aliphatic Caap
monocarboxylic acids and dicarboxylic acids, Ci.q alkyl esters of aliphatic Cyoo meonocarboxylic
acids and dicarboxyvlic acids, and Cape mono- or polvearboxylate derivatives of Cig
(polv)glycols or Couee {polyiglyeol ethers. In a further embodiment, the Cg-Cyp aliphatic acid
ester may be isopropyl myvristate, di-n-butyl sebacate, {pmiy)(ﬁfkyi&ne glycol} mono- or
diacetates, (polyi{alkylene glycol) mono- or di-myristates, (poly)(alkylene glycol} mono- or di-
laurates, (polyXalkylene glycol) mono- or di- oleates, glyeeryl tri{acetate), glyceryl tri-ester of
Coqe aliphatic carboxylic acids, and mixtures {hereoi In a further embodiment, the Cy-Tag
aliphatic ester is isopropy! myristate or di-n-butyl sebacaie,

(000811 In an embodiment, one of the alkoxysilanes in the mixtures iQ
dicyclopentyldimethoxysilane or diisopropyldimethoxysilane while the other alkoxysilane is
selected  from  ethyliviethoxysilane,  nepropvitriethoxysilane,  diisobutyldicthoxysilane,
methyleyclohexyidiethoxysilane, di-n-butyidimethoxysilane, tetracthoxvsilane, and
tetramaethoxysilane.

[000821  In an embodiment, the molar ratio of alumimam to total SCA is from 051 to
4:1 {or any value therebetween), or from 1:1 to 3:1, or from 2:1 to 3:1 or fess than or equal to
2.5:1.  As used hersin, the “8CA” or the “total SCA” is combined amount of the ALA (f
present) and the stlane composition and the non-ester composition (1f present} present in the
catalyst composiiion. In an embodiment, the molar ratio of aluminum to total SCA 15251 Ina
further embodiment, the ALA is an alkyl ester of Ce-Usp aliphatic acid or a non-ester
composition.

(000831 In an embodiment, the molar ratio of aluminum to total SCA is from 0.5:1 1o

&0:1, or from 0.75:1 to 30:1, or 111 10 2001 when {(polyXalkyiene glycol) ester of Cs-Cyy aliphatic
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actd is the ALA.

100084} The Applicants have surprisingly discovered that controlling the aluminum o
SCA total molar ratio between 0.5:7 1o 4:1 advantageously vields a catalyst system that exhibits
high productivity with excellent operability and is self-extinguishing. Similarly, when the ALA
s an alkyl ester of C4-Cyp aliphatic acid, 2 non-ester composition, or a {poly¥alkylene glycol)
ester of C4-Cyy aliphatic acid and the aluminum to SCA fotal molar ratio 18 0.5:1 to 50, the
catalyst composition exhibils high productivity with excellent operability and is self-
extinguishing. As used herein, a “self-extinguishing” catalyst is a catalyvst that demoustraies
decreased activity at a temuperature greater than about 100°C. In other words, seif-extinguighing
18 the decline of catalyst activity when the reaction temperature rises above 100°C. In addition,
as a practical standard, if g polymerization process, especially a fluidized bed, gas-phase
polymerization, running at normal processing conditions 1s capable of inferruption and resulting
collapse of the bed without adverse consequences with respect to agglomeration of polymer
particles, the catalyst composition is said to be “self-extinguishing.”

1000857 As a standardized measure of polymerization activity at elevated {emperatures
for use herein, catalyst activiies are adiusted to compensate for different monomer
concenfrations due to temperature.  For example, if lguid phase {slumry or solution)
polymerization conditions are used, a correction factor to account for reduced propviense
solubility in the veaction mixture at elevated temperatures is included. That is, the catalysi
activity 1s "pormalized” to compensate for the decreased solubility compared 1o the lower
temperature, especially a 67°C standard, The "normalized” activity, at tomperature T, or Ay, is
defined as the measured aclivity or (weight polymer/weight catalyst/hr) at temperature T,
multiplied by a concentration correction factor, [POT/[P(T, where [P(67)] is the propylene

concentration at 67°C and [P{T)] is the propylene concentration at temperature T, The equation
for normalized activity is provided below.

LAPGTY

Normalizad Activity {A) = 2 X Activity(T

{00086} In the squation, the activity at temperature T is multiplied by a ratio of the

0.-'1

propylene concentration at 67 °C to the propylene concentration at femperature T, The resulting
aormalized activity (A}, adiusted for the decrease In propylene concentration with temperafure
increase, may be used for comparison of catalyst activities under varving temperature conditions,

The correction factors are listed below for the conditions used in the liguid phase polymerization,
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67 °C 85 °C 100 °C 115 °C 136 °C 145 °C
1.00 1.42 1,93 239 2.98 3.70

{00087]  The correction factor assumes thai polymerization activity increases linearly
with propylene concentration under the conditions employed. The correction factor is a function
of the solvent or diluent used. For example, the correction factors listed above are for a comumnon
Cpjo aliphatic hydrocarbon mixture (Isopar™E, available from Exxon Chemical Company).
Under gas phase polymerization conditions, monomer solubility is normally not a factor and
aciivity is generally uncorrected for temperature difference. That is, activity and normalized
activity are the same.

[GO0S8]  The "normalized activity ratio” is defined as Ay/Agy, where Aq Is the activity
at temperatore T and Agy is the activity at 67°C. This value can be used as an indicator of
activity change as a function of temperature, For example, an Ajge/fer equal to 0.30 shows that
the catalyst activity at 100°C is only 30 percent of the catalyst activity at 67°C. It has heen
found that at 100 °C, an Aww/Agr ratio of 35% or less yields a catalyst system that is seif
extinguishing system.

[00089] Not wishing to be bound by any particular theory, it is believed that the
AVSCA ratio of 0.5:1 to 4.0:1 provides a sufficient amount of sluminum to support the
polymerization reaciion at normal polymerization temperatures,  However, at elevated
temperature (due to a temperature excursion or a process upset, for example), more sluminum
specics react with other catalyst components. This leads to an aluminum deficiency which slows
the polymerization reaction. The aluminum deficiency causes a corresponding reduction in the
number of electron donors complexed with the aluminum. The free electron pairs of the non-
complexed donors poison the catalyst system, which self-extinguishes the reaction.

000907  In an embodiment, the SCA is a mixture of an alkyl ester of Cy-Cyy aliphatic
acid and an alkoxysilane composifion. The catalyst composition has a molar ratio of aluminum
to total SCA from 0.5:1 to 4:1. The S8CA includes from about 60 mole percent to about 97 mole
percent of the Cy-Cyg aliphatic ester and from abowt 3 mole percent to abowt 40 mole percent of
the alkoxysilane composition,

[G0091]  The molar ratio of aluminum to alkoxysilane may be from 120:1 to 1.25:1 {or

any value therebetween), or 4001 to 1.67:1, or 20:1 {0 2.5:1, or 13:1 t0 5:1.
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[000%2]  The molar ratio of aluminum to C4- Oy aliphatic acid ester may be 6.7:1 10
$.5:1 {or any value therebetween), or 371 10 0.52: 1, or 311 10 0.62:1, or 4.4:1 10 0.71:1, or 3301
1o 0.5:1. The molar ratio of SCA to tianium may be from about 12.3:1 to about 70ti. In an
embodiment, the SCA to titanium molar ratio 18 30:1, The mole rafios bstween various

components of the present catalyst system are set forth below in Table 1.

Table 1
Mbole Ratio 3 ) | Range |
; Al Ti 3550
i Alto SCA ifotal (0.5-4
SCA wiaito Th 2535
Alio alkoxysilane | 1.25 - 8¢
Alto C4-Cyo aliphatic sster - 0.5-67

[00093]  In an embodiment, the Cs-Uyp aliphatic acid ester is isopropyl myristate, di-n~
butyl sebacate, (polyXalkviene glyeol) mone- or di-myristates, and combinations thereof, The
alkoxysilane  composition  is  dimethyvidimethoxysilane,  dicyclopentyldimethoxysilane,
methyleyelohexyidimethoxysilane, n-propylirimethoxysilane, or combinations thereof, In a
further embodiment, the SCA includes dicyclopentyldimethoxysilane with either isopropyl
myristate or di-n-butyl sebacate.

(000947 In an embodiment, the SCA includes the Cy-Cap aliphatic acid ester and an
alkoxvsilane composition that is a mixture of two or more alkoxysilanes. For example, the
alkoxysilane composition may be a mixture  of dimethvidimethoxysilane  and
dicyelopentyidimethoxysilane, methylevelohexyldimethoxysilane, and/or -
propylirimethoxysilane.

[GO095]  Monlimiting examples of suitable SCAs with mele ratios for the Cp-Cay
aliphatic acid ester and the silane composition are provided in Table 2 below. Calalyst
compositions including any of the SCAs set forth in Table 2 are selfextinguishing with a molar
ratio of aluminum to total SCA from 0.5:1 to 4:1. When the ALA is an alkyl ester of C4-Cae
aliphatic acid, a diether, or a poly{alkene glycol) ester of Cy~Csg aliphatic acid, and aluminum to

total SCA ration is 0.5:1 to 501, the catalyst {s self-extingnishing.
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Table 2
Selectiviey PEER DHS IPM [P R o N DMDMS | Figure
Control {moie) {mol¥) {m01%} {mol%:} {mol¥) | {molds) {moi%)
Agent :
A 55 5 1
# a3 5 2
C g0 24 3
D (b 36 4
E G 40 5
F 87.5 12.5 0
g T - : 5
i 56 30 §
7 50 i 3
B 20 3.5-3 £6.5-7 ISH

PEED: ethyl p-ethoxybenzeats

IPM: isopropyl myristate
D: dicyciopentyidinethoxysilane
C: methyicyctohexyldimethoxysilane

N nepropyitrimethoxysilane

DMDMS: dimethyldimethoxysilane

[00096]

Figures 1-10 cach show a relative activity v. temperature graph for a calalyst

composition ncorporating SHAC™ 320 and also incorporating a respective SCA of Table 2.

The data presented in Figures 1-10 was gathered from experiments carried out in a gas phase

yeacior.

100097

The experimental resulls indicate that as the AVSCA ratio lowers, the ability

Moreover, as the AVSCA ratio

of the catalysl composition fo self exfinguish increases.

decreases, the xylene soluble contert of the polypropylene also decreases.

1%
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Table 3

Activity Decay with Temperature Inerease for MChDMB/DBS Systenms

- Exampie { Silane | ALA | AM{Slaset | Silane/ALAST | Bilase/ALA | Temp Caialyst | A(TVA{(BS) | X8
ALA) {mol/melimol} 1  {mols} Oy Activity {%%} {wil)
molmol . C ke

Al Pmcrmms |oas | 343 G.521CR6/1.00 | 256744 | 65 | 1782 | 168 6.7

' 94 1776 54
o | 1458 1 RL
10 eif 84
A2 MCHDMS | DBS | 256 | 050/13.000.85 | 2.56/8744 65 33 1 100 45
AL LRRUMS e L Eh LA A S : T Lt
100 7.93 55
116 4.63 3%
120 B 16
A3 MOHDMS | DBS 2.56 LI0MIS0A00 | ZSEmTA4 | 6s | 1908 4 96 | a9
: AR HENE LD 2 - = e
o f 1673 16
IR
- PPrR e
Ad MCHDMS | DBs 2,05 1 L3RSZ2600 | 25619744 g5 1 1245 100 7.9
G DACHEMS 3 DB | 28 L PP I e
100 2.6 i
P10 297 4 24
20 b L 3

* Each DBS has 2 carboxyiate functional groups and therefore is counied as 2 ALA molegules.
MCHDMS: methylcyclohexyidimethoxysilane
DBS: di-n-butyl schasate

[00098]  Figure | shows a relative activity v. tomperature graph for the examples set

forth in Table 3.
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Table 4

Agtivity Decay with Temperatore Increase for MChIMS/IPM Systems

PCT/IS2008/073882

“Exampic | Silsne | ALA | AL(Sianc+ | SHame/ALA/TI | Siiane/ALA | Femp | Cntatyst | ACIVA{ | X5
ALAY {mol/mol/mel) {rani%} (& Agiivity 48} Wiy
ool {hg/gs "}
Bl PMoHDMS LM L 3 L eB3isEen | 30606500 5% 2850 164 371
: 50 18.76 &5
160 16,36, 56
119 7o 59 b
120 7.2 27
B2 MCHDMS | M | 2.8 9.89/16.96/1.00 | 5.00/95.00 65 3400 100 37
9 4,47 15
150 2.34 38
i1 1399 52
120 2.44 10
By ImMoupMS {IPM L 25 L LowISOmIe0 | 5.00M5.00. § 6 3334 100 3.2
T L S WL LAY A LLATECI W21 e . -
160 {29 5
1101 3.23 15
________________ s py -

MCHDMS: methyloyclohexyldimethoxysilane

TP tanmeonyl murivinte
PRI AR E WL AR Urpriven

[00099T  Figure 2 shows a relative activity v, temperature graph for the examples set

forth in Table 4.
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Tabie 5
Activity Decay with Temperature Increase for DCPDMSE/IPM Systems
“Example | Sane | ALA | AV(SHane+ | SHnOALAT | Glane/ALA | Temp | Catalyst | A(TVA(GS) | RS
ALA} {mol/moi/mul} {m0i%) =y Activity (%} Awi%)
mob/niol {kg'g) '
Ci DCPDMS | iPM 2.3 435/17.39/1.00 1 2000/80.00 | 65 1243 190 2.5
56 17.77 75
10¢ 16.19 72
110 1238 35
120 .43 27
2 DUPDMS LM | 21 L AIHAE 00100 § 20008000 1 68 18.20 190 ke f
: 50 15.69 52
100 1141 59
110 6.54 36
129 4.5 24

PM: isopropyl myristate

DOPDMS: dieyelopentyidimethoxysilane

[0001601 Figure 3 shows a relative activity v. temperature graph for the examples set

forth in Tabie 5.
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Table 6

Activity Decay with Temperature Increase for DCPDMEB/IPM

Systems

PCT/US2008/073882

- Exsmple Eilang ALA AFi{Séiaﬂe-é- Silane/ALATT | SHaae/ald Temp' Catalest ] ALTYA{GS) X8 i
' ALAY {mol/mol/mel} {rrensi%} {0 Activity (e} {wi®} &
woiimot {kg'm '
1 DOPOMS L IPM | 23 TR3&N95IA00 | 0007600 | 65 24,48 100 1.94
50 957 8z
100 13.85 57
110 773 5%
RE 3,54 L
D2 DOPDMS biPM 1 20 | 13.307100/L00 | 3096/76.00 L 65 2104 o 170
: : 3 17.69 57
15 8,73 46
119 6,49 31
126 1.54 17
3 DOPOMS LIt L 20 1 243200000 | aesere0n s 1792 106 161
: - — e -
o0 £.39 43
110§ 406 23
"""" 120 249 4
{ na DOPDMS | PR 30 | 11.0872385/1.08 | 30007000 | 6% 1531 166 1,25
i DMS 04 PLOSRIESLOE L U BOn = = =
160 5,37 ;
120 0.33 3
31 t norms 2.0 25 L0/071.00 10000/ 63 18.7% 190 153
: 50 18,37 100
100 9,80, 52
110 3,58 1
130 2,63 14

¥ 2

forih in Table 6.

DCPDMS: dicyelopentyldimethoxysilane
L LT ISUpEORYY Ny state
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Tahle 7
Activity Decay with Temperature Tncrease for DUPDME/APM Systems
Example | Siase | ALA | Al{Silane+ | SBase/ALA/ME | SHane/ALA | Temp .Cataiyst ATTHA{SS) X8
: R ALA} {mol/molmel} {moi%) {°C) Activity {%e} {wi%}
mol/mot ' {kgfay

51 A pornMS | M| 2.8 §.43/5.64/1.00 | 40.06/60.08 | &5 34,03 1680 232

91 46,99 138

160 27,54 82

116 1134 15

128 A.064 i
B2 DOPDMS {IPM | 2.3 TEIILIANGD | 40.00%6000 | 65 20154 100 50

' L ) 1347 65

100 918 47

115 4.85 23

120 4.31 31
E3 . DOPDMS | 1P 14 128619297100 'L 40.00/60.00 | 68 12.23 100 112

990 474 3%

§00 5,08 9

110 371 35

120 268 37
B4 DOPOMS | IPM 1.2 15.00/22,50/1.00 | $0.00/60.0 63 676 190 550

' : . 90, 2,83 47

14 2.18 32

110 240 15

120 L0 18

DCPDMS! dicyctopentyldimethoyysiidng

IPM: isopropy! myristate

[30102] Figure

¥

forth m Table 7,

3 shows a relative activity v. temperature graph for the examples set
& grag i
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Table 8

Activity Decay with Temperature Inorease for DCPDMS/IPM Systems

Example |- Silane A{A AlSHane+ | SHane/ALA/T | Sllane/ALA | Temp Catalysi | A{TWA{ES} XS
ALA) - {moelmol/mel} fmatt} | (°C) Activity {%a) {wi%
mobmol {kgle}

P T RoPnMS | IPM 25§ 20AT.E0NA0 | 12SWETSY | 65 (662 160 232

" 93 10.29 62
o 1 755 45
BRI T
126 7,29 14
‘Pz PoceoMs beM | 23 | o2mne00b bizsemrse | as 1836 F 160 1 175
' * : 3 D &8 48 '
00| 6358 36
R T
120 £.90 5
F3 ipoeonms liem L 21 L aesoesyies boizsosnso Lol 1583 109 174
T S AL S S ‘ - o —
109 238 17
110 (.85 5.
_____________ — o -

DUPDMS: dicyclopentyldimethoxysilane
IBM: isopropyvl myristate

0001031 Figure 6 shows a relative activily v, temperature graph for the examples set
forth in Table 8.
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Table 9

Activity Diecay with Temperature Increase for NPTMS/IPM Systems

PCT/US2008/073882

Exzmple Silape § ALA | AN{SDasme-+ Silane/ALAMTE | Stlane/ALA | Temp Catadyst A{TVAGSY + X8
ALAY {meifmol/mol} {maol%) {0 Agtivity {%} {wi%h}
mol/mol {ke/p}

it CWPTMS. LMD 33 5761439180 | S.00/5500 | 65 3205 100 61D
: : R B (o o -
100 15,23 60
U E o 14D 47
0 1 240 g
H2 CNPTMS  LiPM 3 0.83/18.83/1.00 | 500/95.00 | 65 ¢ 1dé3 e boase
100 1231 50
110 831 14
D) e -
HA MErMS | M 2.8 DaMI696/1.00 | 5009500 | 65 23.04 004 420
' o “op 9 26 10
190 77 29
110 5.34. 23
120 2.85 12
HEE i NPTMS 1 IPM 25 LOO/19.00/1.00 | 50079500 6 18,17 100 436
: : = BUACAUIRU R T - s -
...... Fit .68 4
120 0.43 2

IPM: isopropyl myristaie

[000104] Figure 7

forth in Table &,

NFTMS! n-propylirimethoxysiiane

shows a

26
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Table 10

Activity Decay with Temperature Increase tor NPTMS/IPM Systems

PCTAIS2068/073882

TExample | Silang | ALA | AV{SHane+ | SHanc/ALA/TI | Slane/ALA | Temp | Catabyst | ACTUA(GS) | XS
ALA}Y {mgl/mol/msl} {meids) L) Activity 54) {wil%) |
mak/moi {hpled
1 NPTME  {IPM | 37 1.70/10.85/1.60 | 20.00/80.00 | 68 2187 100 1 54
190 18,50 86
100 16.06 . 73
__________ 110 14.01 64
126 786 1%
2 NPTMS '} PM 15 3331333000 | 20.00/8050 | 63 24,48 0 334
NhiMsy (WM AY SEEAR . L e e e =
160 15,51 63
119 11.43 47
120 8146 33
13 | oweras e 15 A00/16.00/1.00 | 20.00/80.00 1 65 2135 40 X
' 0 1101 52 )
100 11.01 52
140 5,34 4
120 567 27

WNFTMS: s-propyitrimethoxysilane

ML isopropy! myristate

[000105] Figure 8 is a relative activily v. temperaiure graph for the examples set forth

in Table 10,
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Table 11
Activity Decay With Temperature Increase For NPTMS/TPM Systems
._ Exsmpie | SHame 1 ALA | Al4Siisne+ | SUsoe/ALAST | Silane/ALA | Temp Catalyst | A{TIAKS) |7 X8
: : ALAY 1 {molfmolfmol) {mei%) PO Aotivity {%%} fwih}
mal/mol {kgfe)
;33  NETMS L IPM 34 i 47/13.24/1.80 PG 009000 63 20,16 '20_(} 453
‘ it 1335 N R
BN I .
118 1.88 2
120 8.71 D
i2 HETWE 1 IPM N L.8%/16.67/1.06 : iU.(EOf’;G.(?Q o] 19‘37_ _ 0 ‘ 362
30 3.73 19
100 L& 8
{10 .53 2
H i 120 {3,590 g

NPTMS: n-propylirimsthoxysilane

PN isopropy! myristats

TOG0106] Figwe ¢ is a relative activity v. tfemperature graph for the examples set forth

in Fable 11.
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Table 12

Activity Decay With Temperature Increase For MChDMS/DMDMS/APM Systems

- Bxample | SCAI ! SCAZ ALA | ATBCAT | SCAI/SCAZ/ALAMTT | (BCAL+ Terp | Catalyst.] A{TVA(ES) | X8
t + imo¥molmo¥moly | SCAZVALA | (°C) | Activity | (%) Wi
SCAZ+ | - {mol%) 1 {kglg) : :
ALA) - ' |
e MORDWMS | DMIDIME | .80 0541281687160 1 10008060 | 65 122,16 1 00% i 6
et . - AR T e
L Y N TR0 5 748 b o34%
: 11s 326 1 15%
; : Lo G 489 3% :
% CMCRDMS | DMDMS L IPM 1276 - UASA AT G A0TL00 10008008 165 10 1 ip0%. 55
{ : R AR A s T ;
LG G (%5
; 10 ] 4%
: I 5 % _
K3 P MCEDMS | DMIDMS { IPM {270 LLR8/L.30416.871.00 16.00/50.00 1 85 P 15138 T1a0% 15
. . : : 80 148 Lid% . .
. b N1 {18
e : S T R

E‘EChDMS: 'm;:thﬂcyé!'oﬁ.exyidin';sthoxysilana '
DMDMSE: dimethyidimethoxysilane
IPM: isopropy! myristate

[000107] Figure 10 is a relative activity v. temperatuse graph for the examples set forth
it Table 12,

[O0G1GE]  In an embodiment, anoiher catalyst composition is provided. The catalyst
composition includes cne or mere Ziegler-Natia procatalyst compositions with one or more
dicarboxylic acid ester internal electron donors and one or more aluminum containing cogatalysts
as described above. The catalyst compesition further includes a selectivity control agent (SCA)

that is a mixture of the non-ester composition and the silane composition.

[000109] The non-ester composition may be a dialkyl diether compound as discussed
above, The silans composition may be dimethyidimethoxysilane,
dieyelopenividimethoxysilane, methyloyvelohexyhlimethoxysilane, n-propyiivimethoxysilane, or
any combinstion thersof  The Al to ifotal BCA matio i from 0.5:1 fo 40:1 or any value
therebetween as discussed above.

FODOTI0T In an embodiment, the SCA mchides the piperidine compound, the silane

composition, and any ALA as discussed above. For example, the SCA includes 2,2,6,6-
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tetramethyipiperiding, methvicyclohexyvildimethoxysilane, and an ALA of either di-n-butyl
sehacate, or ethyl p-ethoxybenzoate, or isopropy! myristate,

[00111] In an embodiment, the SCA is a muxture of 1) a blend of the non-ester
composition and the silane compesition and i) an ALA. The molar ratio of the blend to the
ALA is 5:95. The molar ratio of the non-esier composition to the silane composition is 11, The
molar ratio of Al to iotal SCA is 311, In a further embodiment, the SCA is i) a blend of 2,2,6,6-
tetramethyipiperidine and methyleyelohexyidimethoxysilane and i) PEEB.  In another
emnbodiment, the 3CA is 1) a blend of dicther compound and dicyolopentyldimethoxysilane and
it} isopropyl myristate,

(0001121 In an embodiment, the SCA includes the dialkvl diether compound and the

silane  composition. The dialkyl diether compound may be 22-discbutyl-1.3-
dimethoxypropane. The silane  composiion may be  dimethyldimethoxysilane,

dicyclopentyldimethoxysilane, methyleyelohexyldimethoxysilane, n-propylirimethoxysilane, of
any combination thereof.  The molar ratio of the dialkyl ether compound to the silane
composition may be 95:5. The Al to total SCA ratio is from $.5:1 to 4.0:1 or any valwe
therebetween as discussed above.  Nonlimiting examples of an 8CA with 2 non-ester
composifion are set forth in Tables 123 and 14 below. Polymerization reaclions were carried out

in Hguid phase PPR reactors,
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Table 13

SCA with non-ester composition

AUBCALHSCAT + - {5CAL + ' Avorage | Normalieag Average
' ALA) SCALSCANALAM | SCARMALA Temg | Activiy Activity Aeiviry AfAgy X8
HCAS 5CAI AbA (o Fmal) {molmoimal (rmof) 0y {kgigny (kgipine} | ke - | (W) {4
TMPY MChMS | None 3.0 15/L500/E e f sy 457 | &3 5.63 5,63 100 37
: ' ' 100 365 | 232 | obLey 263 .11 I3 e
. ] 113 0.8 | 042 | o7 a.s7 . .59 2% ™m
TMey MChDMS nBS 8.7 ) 0 1810.75128 50 393 €7 590 | 444 | 4,17 445 4.85 HHY 142
- o 0.64 €113 8.7 o478 149 Ja 10.2¢
] ] e iR 4,27 065 13
TMPY MOHIMS FEEB 18 B.75/M.7528.5/1 S5 87 380 | a3 | a9 3,43 341 105 5400
: - 1) 056 | 0. ] 05 | o3 | a5z 100 9
HE) DO6 | 005 [ D05 | g0 | 6.7 0.16 ]
TPy N PEER 30 . 1.5/0/% 50 505 B 67 SEC[ 218 | 20 549 347 10 G50
- 100 0.3 | 024 | 17 0.22 042 Cfn :
. 115 0 g0 | oo 0.05 0.4 [}
Naern MChoms | PRED 34 1.5028 51 5195 &7 485 | V8 | 376 4,19 4,1 108 3,96
: e 042 | pad | 027 | aas an 17
! 115 0.06 § 003 | 0.08 0.05 an 3
SHAC™ 320 cetalyst was used '

TMPY: 226 ,G-tetramethylpiperidine
MCHDMS: memyicyclchcxyldxmethoxysﬂane
DBS: di-n-butyl sebacate

PEEB: ethyl p-ethoxybenzoate

Table 14

SCA with non-ester composition

ALASCTA : ' | Averape | Mermalized

: +ALA) | SCA/ALAMI | SCAJALA | Temp Activity - Activity | Activity | A/JAGT
BCa, ALA | (molimol) | (mobmolmel) | (mol®%) | ¢y (ke/grar) (kglg/ary | (kg (%o}
DXCPDMS | Nane 3.5 30/0/1 1000 - |67 - 1580 [ 442 | 350 | a7 4.1 100
100 | 247 3.3 § 250 270, [F]] 1t -
15 | g6l | 685 | L9 .88 2.1 45
DCPDMS | DIBDMP | 1.0 1.5/28,5/1 55 187 {280 ) 177 | 208 3.98 318 100
i ‘ ) ) 032 1 032 | 039 0.34 0.66 21
115 | 001§ 06 | 018 B AH 1.36 1
DCPDMS | NBDMP | 16.7 1.5/28.5/1 595 67 6.34 | 4.56 | 544 | 4.60 | 5324 524 100
: Y00 086 | tdg j128 )12 ) e | 209 | 42
1S (038 | 040 | .50 | 047 | D.aa 105 20
SHAC™ 320 catalyst was uged

DCPDIMS: dicyclopentyldimethoxysilene
DiBDMP: 2,2-dx-1so—butyl 1,3~dtmethoxypmpane

[ﬁﬂni 13] - In an embodiment, another catalyst composmon 1s provxded The ca,taiyst

composmon includes one or more erglcr—Natta procatalyst composmons with one or more
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dicarboxylic acid ester internal eleciron donors and one or mere alumipum containing cocatalysts
as described above. The catalyst composition further includes & selectivity control agent (SCA}
having a silane composition of a first alkoxysilane, & second alkoxysilane, and an ALA. The
catalyst composition includes an Al to total SCA molar ratio of 0.5:1 1o 411 {or any valve
therebetween), When the ALA is an alkyl ester of CpCyp aliphatic acid, 2 diether, or 2
poly{alkene glycol} ester of Ce-Cy aliphatic acid, the AL fo total SCA ration is 8.5:1 10 5011 for
as ALA as discussed above,

[000114] The silane composition may be & mixture of any two or more alkoxysilanes
disclosed herein. The molar ratic between the first alkoxysilane to the second alkoxysilane may
be from %:1 to 1:9 or any value therebetween. In an embodiment, the first alkoxysilane may be
dimethyldimethoxysilane, diisopropyldimetboxysilane, dicyclopentyldimethoxysilane, or
bis(perhvdroisoguinolino)dimethoxysilane. The  second  alkoxysilane may  be
methvicyclohexyldimethoxysilane, tetracthoxysilane, or n-propyliriethoxystiane. It will be
appreciated that myriad combinations of alkoxysilanes are within the scope of the present
disclosure. Monlimiting examples of suitable first alkoxysilane/second alkoxysilane
combinations include ditsopropyldimethoxysilane/methyloyclohexyldimethoxysiane,
ditsopropyldimethoxysilane/tetracthoxysitane,  dicyelopentyldimethoxysilane/tetracthoxysilane,
dicyelopentyldimethoxysilane/methyleycichexyldimethoxysilane, and
bis(perhydroisoguinoline }imethoxysilane/n-propyliriethoxysilane.

6001151 In an embodiment, the first alkoxysilane is dimethyldimethoxysilane. The
second alkoxysilane is dicyclopentyidimethoxysilane, methyleyclohexyldimethoxysilene, or n-
propylirimethoxysilane. In a further embodiment, the first alkoxysilane s
dimethyldimethoxysilane and the second alkoxysilane is methvicyclohexyldimethoxysilane.

[O00116] The SCA may also include an ALA. Nonlimiting examples of suitable ALAs
include PEER, a C4-Cyp aliphatic acid ester, and a poly(ethylene)glycol coco fatly acid ester
commercially available as 8-191 from Chem Service, Inc., West Chester, PA. The SCA may
invlude 5-100 or 3-95 mole percent of the silane composition and 95-0 or 95-5 mole percent of
the ALA.

[000117] Nonlimiting examples of suitable SCAs having first and second alkoxysilanes
are set forth in Tables 154 and 158 below, SHAC™ 320 was used in each exarple presented in

Tables 15A and 15B. Polvmerization reactions were carried out in liquid phase PPR reaciors,
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Table 15A
SCA with first and second alkoxysilanes
AECAT ' T
+8CAZ+ | SCAVSCAY SCAL+ Aversge | Noromlized | Average
ALA) ALA/T; SCAZVALA | Temp Activity | Activity | Activigy xS
SCAl 5CA2 ALA | (molimof) | (mot/molmiol) | (mnl%%) O Gwebn | Gegh | eemn) |y
DMDMS | MChDMS | PEEB | 30 0.75/0.75/38.5/1 | 5794 %7 372 ] 362 ] 450 398 393 551
DMDMS | FEEB | 3.0 1.5/0128.5/1 395 &7 586 ] 3161 368 | 433 433 763
MChDMS | PEEB | 30 0/1.5228 31 5735 7 461 1 4181 470 430 4350 4.9
DMDMS - Dimethyldimethoxysilans
MChDMS - Methylcyclohexyldimethoxysilane
PEEB - Ethyl p-Ethoxybenzoate
L _Table 15B
SCA with first and second alkoxysilanes
{8CA1
Al(STAL U R
+ BCAR + SCA/SCAY | ALY : Avergpe MNornedliped
. ALA} ALASE Iag.A Femp ' Artivify Agtivity Activity BJARY
Scat S¢az ALA | (motmof} | (aolrmolimel} (mal%} | (e (kefe/bry | (lglpfir) (%
DMDMS MChDBMS 3.0 15&5/6! 1 5044 61.' .31 5.19 4.85 4,85 102__
108 134 .93 0.96 [ 2 08 43
118 .31 [iFY] (.28 N7 8,64 13
DMDMS MChDMS FEEH 340 - 0.75/0.75/28 571 535 57 372 3.62 4,50 3,95 3.95 100
’ D 0.2L i}, 34 0.36 0.78 (.43 0.% 21
115 0.03 Q.00 .04 .64 .92 0.08 1
- DiPDMS TH 28 3.0 EL 100/ 67 4.2 £.08 4,12 4,12 100
160 0.7 O.§% 1.03 0,88 3.6% 41
115 .24 0.14 .22 0.20 0.48 13
DIPDMS TEDS FEEE 3.0 032971 ‘ 050 &7 2.?_9_ 3.1 3.88 3.33 3,493 100
. 100 Q.22 0,26 Q.31 Q4 &, 31 [15]] 17
115 5.05 0.4 085 .03 03 &1e 3
EHPDME TEQS S-191 16.7 0.2, 1050 A 4,04 ;1_26 3.3 3.87 31.BT 107
- - 100 8,06 | 006 3.0¢ 0.06 07 3
[§53 0,06 0.67 0,08 0,06 0,15 §
~DCPDVE | TEOE 35 LT 15070 [ EX I T 735 FELS 166
. 500 14 1.03 080 5402 i.98 45
il% 0.3 023 .30 026 0,68 15
DOTPIS TEOS PEEE 3.8 Q.32 3231 10/90 &7 385 3.88 406 1.96 86 FER
- Too GAT | 547 B4 047 0.45 .86 2]
[1%] {.08 098 003 048 008 .19 K]
DCPDMS | TH0S EXT3) 167 R Y 1056 47 470 1 565 | ia0 in T34 160
100 0.0§ 9,06 0.07 0.06 .12 3
115 0.06° 400 0.06 0.06 0.14 3
BOPDMS MCRDIN 32,0 15/15/041 160/0 67 20.44 4,94 340 10,31 : 10,33 100
100 2.33 2.26 .51 237 4,57 44
) . 165 0.84 .70 .78 077 ERS 1]
DCYEMS MEhPMS PEER 3.0 _&751&75&3.5/] 595 7 4,73 .60 1821 K.T1 116 ?',TE 160
- 100 .60 8.2 09,75 AT (.62 1.19 17
: HE 0.08 .16 Q.07 0.47 0.08 0.9 3
DCPDMS @MS [EN 16,7 0,75/0.75/28, 5/3 5/85 67 5.34 566 17 i T.57 7,57 1
) 104 0.06 0.0 Q.06 0,05 .12 X
115 0.07 .06 0.06 .08 (.15 p
.33
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Table 15B (Continued)

Gl FIES Y 13/15707 100 & 333, ] 413 : 575 775 166

T 107 728 | it 1.4l T4 139 2]

‘ 113 648 1 0.54 0.38 05 Tio 35

BRI FTES PEED 3.0 0T 75851 | 55 57 4701 380 [T 4.09 405 108
‘ = 100 9.43 0,63 023 _ 0.43 GE R

: - Tis 006 1 0.08 b.0% 0.04 5.08 6,12 1

BEIG FTES 5151 18.7 0.750.75/28.57 | %% &7 346 1 35s %3] 3.07 109 160

160 6.06 | 0,05 .05 .06 0.2 2

11% 0.06 {056 0.06 006 814 5

DMDMS — Dimcthyldimethoxysilane

. MChDMS - M ethyleyeiohexyldimethoxysitano
DiPDMS ~ Diisopropyldimethoxysiiane
PEEB — Ethyl p-Ethoxybenzoate
5-191 ~ POE (15) coco fatty acida estor
BPIQ - Bis(pezﬁydmisoquinalino)dim:ﬂmxysimne
PTES — n-Propyluriethoxysilane

1600118} The present catalyst composition further vields a polypropylene -

composition with high stiffness, and high isotacticity (f.e., a low xylene solubles content). Not
wishing to be bound by any particular theory, it is believed that the aluminum to SCA molar ratio
results in a catalyst composition that replicates the self-extinguishing property of third generation
catalysts which utilize benzoic acid esters as electron donors. ‘Benzoic acid esters, such as ethyl

- p-ethoxybenzoate (PEEB), however, impart an undesirable odor to resultant polymers such as
polypropylene. While using fourth generation catalysts containing a phthalate internal donbr, the
present catalyst compositions may or may not contain a benzoic acid ester. The embodiments of '
catalyst compositions without a benzoic acid ester wrrespondingiy produce an odor-free

polypropylene. Iii other words, the present catalyst compésition_s replicate PEER-based catalyst
systemas yet produce an odor-free polypropylene composition. In addition, the present catrlyst
compositions meet or exceed the activity of conventional fourth generation catalysts, and in.
peneral, exceed the &ctivity of the third generation catalysts.

1000119 In an embodiment, a polymerization process is provided. The
polymerization- process includes contacting propylene with 2 catalyst compoesition in a
polymerization reactor. ‘The catalvst composition includes one or more Ziegler-Natta procataiyst
compositions having one or more transition metal compounds and one or more esters of aromatic
dicarboxylic acici intcma% electron donors, one or more aluininum containing cocatalysts, and an
SCA. The S3CA is a mixture of an activity limiting agent and 2 silane composition as previousty
described herein. The method includes maintaining the ﬁlolar'ratio of aluminum to total SCA
from about 6.5:1 to | '

WHDNG385104, ]
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about 4:1  In other words, the aluminum fo total SCA ratio is adjusted throughout the
polymerization process {0 hold or control this ratio in the range of 0.5:1 o 41, or from 1] f©

3:1, 0r 2511, When the ALA is an alkyl ester of Cu-Cyg aliphatic acid, a disther, or a poly{alkene
givealy ester of Cg-Cyp aliphatic acid, the Al to total SCA ratio is 0.5:1 1o 5001, or from 0.75:1 1o
30:1, or from 1iY to 2001, The polymerization process further includes forming a propylene
containing polymer.

[O06120]  In an embodiment, the polymerization process may also include maintaining,
adjusting, or otherwise confrolling the aluminum to tHtanium rafio af about 45:1, Thus, the
aluminum to SCA ratio is controlled by adjusting the smount SCA components introduced into
ihe reaction while maintaining the aluminum at a constant amount.

{000121] In an ombodiment, the polymerization process includes introducing infe the
reactor an SCA which is a mixture of & Cy-Cig aliphatic acid ester and a silane composition. This
produces a propylence containing polymer that is odor-free.

[000122] In an ewbodiment, the polymerization process includes introducing into the
reactor an SCA which is a mixture of 2 non-ester composition and the silane composition,

HI001231 In an embodiment, the polymerization process includes imtroducing into the
reactor an SCA composed a first alkoxysilane, a second alkoxysilane, and an activity limiting
agent as previously discussed herein.

[000124] The propylene containing polymer formed by way of the pelymerization
process may be a polyvpropylene homopolymer or a copolymer of propylene and one or more
comonomers.,  The comonomer may be an alpha-olefin having fom 2-12 carbon atoms.
Nonlimiting exampies of suitable comonomers include ethylene, 1-butene, i-hexene, 4-methyl
pentente, 1-heptene, and I-octene. Consequently, the polypropylene composition may be a
polypropylene homopolymer or a polymer with a propylene monomer and one or more
comonomers. In an embodiment, the propylene containing polymer has a xylene solubles content
from about 4.3% to about 6.0% by weight, or less than about 3% by weight,

[000125] In an embodiment, the polymerization process includes extinguishing, with

the catalyst composition, the polymerization process or reaction when the temperature in the

iy

T

polymerization reactor is greater than abowt 100°C. The present catalyst compesition cnables
steady-state polvmerization without risk of reactor fouling, polymer agglomeration, or a run-
away reaction.

[000126] The polvmerization process may be a gas phase, a shary, or a bulk
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polymerization process, operating in one or more than one reactor. A suitable gas phase
polymerization process includes the use of condensing mode as well as super condensing mode
wherein gaseous components including added inert low boiling compounds are injected into the
reactor in Hauid form for purposes of heat removal. When multiple reactors are employed, it is
desirable that they operate in series, that is the effluent from the first reactor is charged to the
second reactor and additional monomer or different monomer added to continue polymerization.
Additional catalyst or catalyst components (that s procatalyst or cocetalyst) may be added, as
well as additional quantities of the SCA mixture, another SCA mixture, or individual
alkoxysilanes and/or one or more activily Himiting agents.

(001271 In an embodiment, the polvmerization process is conducted in two reaciors in
which two olefins, such as propyvlene and sthylene, are contacted io prepare a copolymer.
Polypropylene is prepared in the first reactor and a copolymer of ethylene and propylene is
prepared in the second reactor in the presence of the polypropylene from the first reactor.
Regardless of the polvmerization technique employed, it is understood that the SCA, the
procatalyst, andfor the cocatalyst thereof may be coniscted in the absence of othe
polymerization components, especially monomer, prior to addition to the reacior. In an
embodiment, the foregoing dual polymerization processes are solution polymerizations.

[060128] The temperature of the polymerization reactor is from 40 o 130°C or from 60
to 100°C, or from 63°C to 80°C. The foregoing temperatures are average temperatures of the
reaction mixture measured at the reactor walls. Isolaied regions of the reactor may expernience
localized temperatures that exceed the foregoing hmits.

[000129] In an embodiment, another polymerization process is provided.  The
polymerization process includes reacting a gas comprising propylens and a catalyst composition
in a polymerization reactor. The catalvst composition is composed of a Ziegler-Natta procatalyst
compesition, an internal electron donor, an aluminum confaining cocatalyst, and a selectivity
contral agent (SCA). The SCA is a mixture of an activity limiting agent and a silane
composition and may be any of the SCAs described herein.  The process further includes
forming a fluidized bed of polymer particles. The fluidized bed has a bulk density. The method
includes reducing a partial pressure of the propylene 1o increase the bulk density of the fluidized
bed without reactor fouling. In an embodiment, the process includes maintaining, adjusting, or
otherwise controlling the aluminum to total SCA ratio from 0.5:1 1o 4.1, When the ALA is an

alkyl ester of Cs-Cyp aliphatic acid, a diether, or a poly{alkene glyool) ester of £4-Cyp aliphatic
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acid, the Al to total SCA ratio of 0.5:1 to SO01.

[D00130] Tn an embodiment, the reaction occurs in a fluldized bed polymerization
reactor. A fluidized bed polymerization resctor includes a wider upper section that serves {o
separate the fluidized polymer from gas continuously circulated through the reactor. The gas
includes propylene (gas and/or liguid) alone or in combination with a carrier gas such as
hvdrogen, nitrogen and/or a noble gas. The gas may further include a second alpha-olefin gas,
such as ethylene gas, for the polymerization of a propylene and alpha-clefin copolymer. The
propylene gas may also include recirculated prepylene gas and carrier gas alone or in
combination with virgin propylene gas.

(3001317 The catalyst composition 15 introduced info the gas stream.  The catalyst
composition may be any Ziegler-Nafta caialyst composition disclosed herein. The catalyst
composition is inroduced into the gas stream. The propylene gas and the catalyst composition
contact and exothermically yeact in the reactor. The fuidized bed is formed as a result of
growing polymer particles, formed polymer particies, and a amall amount of catafyst particles
fluidized by the continuous flow of the polymerizable gas {i.e., the propylene gas) and optional
modifying gasses present in the reactor, The bed is fluidized by continuously passing the gas
therethrough. The fluidized bed has the general sppearance of a dense mass of individually
moving particles as created by the percotation of the gas through the bed, The fluidized bed is
maintained at essersially a constant height by withdrawing a portion of the bed as product at the
rate of formation of the particulate polymer product. The raie of heat generation is directly
relatad to the rate of production. Thus, the primary lmitation on production rate of the polymer
i the rate at which heat can be removed from the polymerization zone,

[000132] As used herein, “reactor fouling™ is the growth or adhesion of polymer upon
the reactor walls, “Reactor fouling” also occurs when the free-flowing particles of the fhadized
bed agglomerate and forms chunks within the reactor.  The Applicants have surprisingly
discovered that .pmvision of the present catalyst composition in the reactor advaniageously
permits an increase in the fluidized bulk density of the bed without reactor fouling. In other
words, the bulk density of the bed may be increased without adversely impacting the fluidized
particle distribution of the bed.

[600133] The bulk density of the fluidized bed is increased by reducing the partial
pressure of the propylene in the gas and/or in the reactor. It has been found that conirolling the

aluminum to total SCA ratio from 0.5:1 1o 4.0:1. When the ALA is a or alkyl ester of Cs-Cig
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aliphatic acid, a diether, ar a poly{alkene glyeol} ester of C4-Cyp aliphatic acid, the Al to total
SCA ratie 1s 0.5:1 10 50:1. The present calalyst compositions advantageously permit the ability to
increase the flnidized bed bulk density without risk of reactor fouling. Correspondingly. an
increase in fluidized bed bulk density advantageously improves productivity. In an embodiment,
the fluidized bed bulk density may be inereased from sbout 10% to about 100% (or any value
therebetween), or from about 20% to about 80%, or greater than 50% to 100%. For example, a
reactor may have a fluidized bed bulk density of 10 tonsfem’. Utilization of the present catalyst
composiiion may increase this bulk density from 14 tons to about 11 tons/ fem? {10% increase) to
about 20 tons/om’ {100% increase), or any vahie therebetween.

(0001341 The ability to reduce the partial pressure of the propylene without the risk of
reactor fouling has a further advaniage. In an embodiment, the partial pressure of the propylene
is reduced to increase the residence time of the catalyst composition in the reactor. By giving the
catalyst more time to react with the gas, the increase in residence time correspondingly increases
the catalysi activity and reactor productivity. In an embodiment, the catalyst composition
residence time may be increased from about 10% to about 100% (or any value thercbetween)
For example, a reactor may experience a catalvst residence fime of one hour, Utilization of the
present catalyst composition (which controls the aluminum fo total SCA ratio between 0.5:1 to
4:1 or 0.5:1 to 50:1 when the ALA is a or alkyl ester of Cs-Cyp aliphatic acid, a diether, or a
poly{alkens glyeol} ester of Cy-Cay aliphatic acid), may increase the catalyst residence time from
about 1.1 hours {10% increase) to about 2.0 hours (100% increasel.

0001357 The ability to reduce the partial pressure of the propylene without risk of
cactor fouling has vet a firther advantage. In an embodiment, the partial pressure of the
propylene is reduced without decreasing or diminishing the production rate of the polymer. In
other words, by increasing the fluidized bulk density of the bed, less propylens starting malerial
is required to produce the same amount of polymer product. For example, a reactor utilizing a
conventional Ziegler-Natta catalyst may have a pmducﬁm rate of about 15 ton/hour with 2
propvlene partial pressure of about 28 kgiem”. A reactor utilizing the present catalyst
composition may have a pmductiml rate of about 15 tonhowr and require a propylene partial
pressure less than 28 kg/ffem” or about 24-26 kg/flom”.
10001361 In an embodiment, the gas has a dew point temperature. As used herein, the
“dew point temperature” is that temperature at which liquid propylene condensate begins to form

in the propylene gas. The “bed minus dew temperature™ is the difference between the

38



W 2009/029487 POT/US2608/673882

femperature of the fluidized bed and the dew point lemperature of the propyvlens gas.
Application of the present catalyst composition in the polymerization process vields a 1-10°C or
greater than a 1.2°C, or a 5-6°C difference between the propylens gas dew point emperature and
the bed temperature.

[G00137] This difference of 1-10°C, also known as the bed minus dew valug, carries
several advaniages. Reactors emploving conventional Ziegler-Natta eatalyst systems typically
exhibit a bed minus dew value of about 1-2°C. This 1-2°C bed minus dew value results in an
amount of Hauid propylene being present in the reactor. The liquid propylene serves to absord
heat of reaciion (particularly during production spikes or production irregularities or production
interrept} and prevent reactor fouling.

[000138] Use of the present catalyst composition avoids the risk of reactor fouling as
previpusly discussed. Consequently, the bed minus dew value may be increased without any
adverse impact on the reaction and/or polymer. Inereasing the bed minus dew value reduces, or
wholly eliminates, the presence of liquid propylens in the reactor. This is advantageous as less
liquid propylene present in the reactor corresponds 1o more propyiene recyeled back into the gas
stream. More recycled propylene corresponds to more propylene available for polymerization,
Thus, reducing the amount of liguid propylene in the reactor inoreases the amount of propylene
available for production therehy improving production efficiency. Moreover, a reduction, or
elimination, of liguid propylene in the reacior simplifies product retrieval. With the presence of
fess (or no) Hguid propyiene in the reactor, less (or ne) liquid propyiene is lost upon 1solation of
the propylene containing polymer. Indeed, with no liguid propylene in the reactor, a separation
process is wholly eliminated,

I000139] The present catalyst composition yields myriad productivity and operability
advantages. Provision of the present catalyst composition in the polymerization process: 1)
permifs a reduction in the partisl pressure of the propylene gas reducing the amound of starting
material; 2) increases the bulk density of the fluidized bed which; 3) reduces the gas velocity
through the reactor and increases the residence time of the catalyst; and 4) increases the
production rate; 5) increases productivity, while 6) maintain manageable operability, All these
advantages oconr without the risk of reactor fouling.

[G60140] In addition, provision of the present catalyst composition permits continued
operation through transient times, and results in cousistent reactor sleeve temperatures during

reactor operation as no static or skin disorders form on the reactor wall,
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{0001411 In an embodiment, the process forms a polypropylene homopolymer with
xylene solubles content from about 0.5% to about 6% by weight. In addition, the increased
residence thme of the propylene gas contributes to the formation of 2 propvlene containing
comiposition with less than 3 opm, or less than Ippm, residesl fitanium.  In a further
embodiment, the catalyst composition extinguishes the polymerization reaction when the
fluidized bed temperature is greater than about 106°C.

{0001421 In an embodiment, another polvmerization process is provided. The process
includes iniroducing a propylene gas, an ethyviene gas and a cafalyst composition in a
polymerization reactor. The catalyst composition comtaing & Ziegler-Natta procatalyst
composition, an aromatic dicarbexyvlic acid ester internal electron donor, an aluminum

-

containing cocatalyst, and a selectivity control agent (8CA). The 8CA includes a mixture of an
activity limiting agent and a silane composition. The process further includes maintaining an
aluminum to total SCA ratic from 0.5:1 to 4:1, {or from 0.5:1 1o 30:1 when the ALA is an alkyl
esier of C4-Cqg aliphatic acid, a disther, or a poly{alkene glyeol) ester of C4-Csp aliphatic acid),
and forming a propylense and ethyviene copolymer.

(0001437 In an embodiment, the process inchudes forming a propylene and ethylene
random copolymer having an ethyiene content preater than about 4% by weight, or from about
4% 10 about 10% by weight ethyviens. In yet a further embodiment, the process includes forming
spherical particles of the propyviene and ethylens copolymer.

10601447 Random propylene-cthylens copolymer particles with an elhylene content
greater than 4% produced by conventional Ziegler-Natta catalyst systems tond to have an

]

inconsistent, irregular or otherwise “popcorn-like” morphology. Remedies to this problem
include a reduction in the partial pressure of the propylene during polymerization. Utilization of
the present catalyst system does not require the propylene pariial pressure to be reduced to
eliminate the “popcorn” morphology of the propylene and cthivlene copolymer particles. Use of
the present catalyst composition yields spherical or nearly spherical random propyiene and
ethylene copelymer particles.

[GGC145T By way of example and not limitation, examples of the present disclosure will
now he given.

[000146] EXAMPLES:

0601471 A commercial SHAC™ 320 catalyst was used.  Procatalvst A was made

according to U.8, Pat, Neo. 5,093,415, Accordingly, Mg(OFt) ; was shurried in a 50/50 {volivol)
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mixture of TiCly /MCB {monochlorcbenzene) (20 liter/kilogram Mg{OEf)) with DIBP
{diisobutyl phthalate) (0.3 ler/kilogram Mg(OED). After the mixture was heated at 106% C. for
60 mimses, it was filtered. The resulting moist mass was slurried in a 50/30 (by volume) TiCly
MOB mixtore (20 liter/kilogram Mg{OE:) at 106° C, for 30 minutes, filterad, and the proc
repeated one more time. The resulting solid was rinsed with isopentane and then dried with
flowing warm nitrogen. The resulting procatalyst contained 2.5 percent T1 by weight,

[C0G1481 Liguid Phase Polymerization in Parallel Polymerization Reactors (PPRs, by
Symys)

[000149] Catalyst particle size of the catalyst powder was reduced by stiring the
powder with a stir bar for 30-45 mimutes.

FO001I5GT Al 8CAs and ALAs were diluted to G005 M in Isopar EM except 5-191
which was dissolved in toluene before injection into the PPRs, TEAI was prepared in Isopar g™
and used as either 0.02 or 0.1M solutions.

[D00151] Purged PPR reactors were heated to 50°C, TEAIL and Isopar £™ make-up
solvent were added to each reactor, followed by the addition of Hy to a stabilized pressure of 5
psig. Reactors were heated 1o the assigned temperature (67, 100 or 115°C). Propylene was added
to 100 psig and allowed to stabilize for 10 min. To each reactor was added SCA or mixiure of
SCA & SLA and a 500 ul of lsopar B™ chaser and immediately followed by the addition of
catalyst (275 ul} and a 300 ul Isopar E'™ chaser. Reactions were quenched with CO, after 60

rimirtes or when the maximum relative conversion of 110 was reached.

[GG0152] Gas Phase Polymerization:

10001537 The reactor 1s a pilot scale model, 35 em in diameter and .4 m in height.
The reactor contains a fluidized bed of polypropylene powder, which is fluidized by means of
a compressor and recycle gas stream. Reacfor temperature control is achieved by cocling the
recycle gas stream by means of an in-line heat exchanger.

[00G154] Catalyst, TEAL and a sclectivity control agent (SCA) or donor
arc contimpouslty fed to the reactor. Feeds are controlled in such a4 way as fo
maintain specific molar ratios of aluminum to SCA and TEAL fo titanium.

[000155] Propylene, ethylene  (in the case ofethylene  random  copolymer
production) bydrogen, and  nitrogen  are continuously  added 1o maintain the targeted total
pressure and molar ratios of hvdrogen to propyvlene and cthylene o propylene {in the case

of cthylene random copolymer production). The total pressure and partial pressure of propylene
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are listed in the Table as well as the hydrogen/propylene molar ratio.

0001561 The resin product is wansferred from the Huidized bed to 2 receiving drum
continuously purged with humidified nitrogen.

[O00157] The average residence time, based on production rate and reactor bed weight
is approximately 2 hours, Catalyst productivity is determined from titanium analysis of the

polypropylene product. In order to compars productivities obtained at different residence times,

the results are normalized fo an aversge residence time of 2 hours using an experimentally
determined catalyst decay constant.

(000158]  Standard conditions are typically:

resin bed height 32 kg
propylene partial pressure 2. 206 kPa
recvele gas velocity (.36 mie
reactor lemperatore 65 °C
Teactor pressure 2. 856 kPa.

(0001551 It should be understood that varicus changes and modifications o the
presently preferred embodiments described hercin will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and scope of the
present disclosure and without diminishing its intended advantages. It is therefore intended that
such changes and modificaiions be covered by the appended claims,

[000160] For purposes of Uniled States patent practice, the contents of any patent,
patent application or publication referenced herein are hereby incorporated by reference in their
entirety herein, especially with respect to the discloswre of structures, synthetic technigues and
general knowledge in the art. It shouid be understood that various changes and modifications to
the presently preferred embodiments described herein will be apparent o those skilled in the art
Such changes and modifications can be made without departing from the spint and scope of the
present disclosure and without diminishing its intended advantages. It is therefore intended that

such changes and modifications be covered by the appended claims,
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What is claimed 1s:

1. A catalyst composition comprising:

one or more Ziegler-Natta procatalyst compositions comprising one or more transition metal
compounds and one or more esters of aromatic dicarboxylic acid internal electron donors;

one or more aluminum containing cocatalysts; and

a selectivity control agent (SCA) comprising a mixture of 1) an activity limiting agent (ALLA) of
isopropyl myristate, and (ii) a silane composition of a first alkoxysilane, and a second
alkoxysilane, wherein the molar ratio between the first alkoxysilane to the second alkoxysilane is

from 9:1 to 1:9, and a molar ratio of aluminum to total SCA from 0.5:1 to 4:1.

2. The catalyst composition of claim 1 wherein the molar ratio of aluminum to total SCA is 11
to 3:1.

3. The catalyst composition of claim 1 wherein the silane composition comprises

dicyclopentyldimethoxysilane.
4. The catalyst composition of claim I wherein silane composition is a mixture of
dimethyldimethoxysilane and a member selected from the group consisting of

dicyclopentyldimethoxysilane, methyleyclohexvidimethoxysilane, and n-propyltrimethoxystlane.

5. The catalyst composition of claim 1 wherein the SCA comprises 60-97 mole percent of the

isopropyl myristate and 3-40 mole percent silane composition.

6. The catalyst composition of claim 1 wherein the polymer formed from the catalyst

composition does not have an odor.
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7. The catalyst composition of claim | comprising dicyclopentyldimethoxysilane and the second
alkoxysilane is selected from the group consisting of methylcyclohexyldiethoxysilane, n-
propyltriethoxysilane, tetramethoxysilane, tetraethoxysilane, di-n-butyldimethoxysilane, and

ditsobutyldiethoxysilane.

8. The catalyst composition of claim 1 comprising dicyclopentyldimethoxysilane and the second
alkoxysilane is selected from the group consisting of ethyltriethoxysilane, n-
propyltriethoxysilane, diisobutyldiethoxysilane, methylcyclohexyldiethoxysilane, di-n-

butyldimethoxysilane, tetracthoxysilane, and tetramethoxysilane.

9. The catalyst composition of claim | comprising dicyclopentyldimethoxysilane and n-

propyltriethoxysilane.

10. The catalyst composition of claim 1, wherein the first alkoxysilane is a dimethoxysilane and

the second alkoxysilane is an ethoxysilane.
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